SEMICONDUCTOR LASER DEVICE 
AND METHOD FOR FABRICATING THEREOF 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor laser device 
and a method for fabricating thereof, and in more detail a semiconductor 
laser device having a structure capable of preventing non-emissive 
failure due to short circuit and a method for fabricating such device. 

2. Description of the Related Art 

A visible light semiconductor laser device having a stacked 
structure on a GaAs substrate, wherein an active layer is sandwiched 
by cladding layers made of AlGalnP or GalnP, has an oscillation 
wavelength between 630 run and 690 run, and attracts a good deal of 
attention as a light source for an optical pickup used in an optical 
disc drive. 

A structure and fabrication method of a conventional AlGalnP-base 
visible light semiconductor laser device will be explained hereinafter 
referring to Fig. 5. Fig. 5 shows a cross-sectional view of the 
substrate showing a structure of an AlGalnP-base semiconductor laser 
device . 

An AlGalnP-base semiconductor laser device 10 has on a GaAs 
substrate 12 a stacked structure comprises a lower cladding layer 14 
made of n-AlGalnP, an active layer, an upper cladding layer 18 made of 
p-AlGalnP, and a contact layer 20 made of p-GaAs, and all layers are 
epitaxially grown in this order. 

An additional semiconductor layer such as light confining layer 
may optionally be provided between the upper cladding layer 18 and the 
contact layer 20. A.lso a buffer layer made of compound semiconductor 
may optionally be provided between the GaAs substrate 12 and the lower 
cladding layer 14. 

Of such stacked structure, the upper cladding layer 18 and the 
contact layer 20 are formed as a mesa-structured portion having a ridge 
stripe pattern. 

The both sides of the upper cladding layer 18 and the contact 
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layer 20 composing the mesa-structured portion, and the upper cladding 
layer 18 are buried with an n-GaAs layer 22 provided as a current blocking 
layer to ensure current constriction, thereby a central portion of the 
active layer becomes an oscillation area 15 of laser light. 

A metal layer made of Au, Ni and the like, or a metal stacked 
film is provided as a p-side electrode 24 on the n-GaAs layer 22 and 
the contact layer 20, and as an n-side electrode 26 on the rear surface 
of the GaAs substrate 12, respectively. 

In order to fabricate such semiconductor laser device 10, at first 
the lower cladding layer 14, active layer 16, upper cladding layer 18 
and contact layer 20 are epitaxially grown in this order on the GaAs 
substrate 12 by the metal-organic chemical vapor deposition (MOCVD) 
process . 

The contact layer 20 and the upper cladding layer 18 are then 
etched to form the mesa-structured portion, and the n-GaAs layer 22 is 
then selectively grown on the both sides of the mesa-structured portion 
and on the upper cladding layer 18. 

Next, the p-side electrode 24 and n-side electrode 26 are formed 
by, for example, the sputtering process on the outermost surface and 
on the rear surface of the GaAs substrate 12. 

In the process of epitaxially growing the AlGalnP layer and the 
like to form the stack-structured portion, there has, however, been a 
problem of generating a growth defect in the epitaxially grown layer (s) 
if fine particles of GaAs or so adhere thereon, or foreign intermediate 
products are formed on the substrate during the epitaxial growth. 

In the process of etching the stack-structured portion to form 
the mesa-structured portion after the epitaxial growth, etching with 
an acid of such epitaxially grown layer having the growth defect will 
result in formation of a pit-like shape defect portion 28 of several 
to tens tt-m diameter reaching the GaAs substrate 12 as shown in Fig. 
6, since the portion of the growth defect is labile to acid and shows 
a high etchrate. 

If the electrode layer 24 is formed in this situation, the 
electrode layer 24 intruded into the shape defect portion 28 will come 
into contact with the GaAs substrate 12 to cause short circuit. Such 
shape defect portion 28 can be produced in the stack-structured portion 



made of compound semiconductor layers not only during the wet etching 
but also during acid cleaning or alkali cleaning based on the same 
mechanism as described above. 

As a result, short circuit will occur between currents injected 
to the both electrodes, thereby current which essentially has to be 
injected to the oscillation area in the active layer responsible for 
laser oscillation is reduced, and it causes non-emissive failures such 
that no laser oscillation occurs or the laser oscillation does not 
continue . 

It is, however, quite difficult in practice in fabricating the 
semiconductor laser device to epitaxially grow the compound 
semiconductor layer after thoroughly cleaning the GaAs substrate and 
confirming that no particles adhering thereon. Thus so long as the 
semiconductor laser device is fabricated according to the conventional 
process, those suffering from non-emissive failures will be more or less 
produced to degrade the production yield. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a semiconductor laser device having a structure capable of preventing 
non-emissive failure and a method for fabricating such device. 

To accomplish such object, a semiconductor laser device 
comprises: a compound semiconductor substrate; a lower cladding layer; 
an active layer; an upper cladding layer and a contact layer respectively 
formed on the compound semiconductor substrate, wherein an upper part 
of the upper cladding layer and the contact layer are formed as a 
mesa-structured portion having a ridge stripe pattern, ; and a current 
blocking layer having a pit-like recess penetrating thereof and 
extending towards the compound semiconductor substrate, the both sides 
of the mesa structured portion are buried with the current blocking layer, 
and a portion of the recess other than that penetrating the current 
blocking layer being covered or buried with an insulating film or a 
compound semiconductor layer with a high resistivity. 

In the present invention, of the pit-like recess, a portion of 
which other than that penetrating the current blocking layer is covered 
or buried with an insulating film or a compound semiconductor layer with 



a high resistivity, so that the compound semiconductor substrate and 
the electrode layers other than the a current injection area are kept 
insulated, thereby the non-emissive failures as observed for the 
conventional semiconductor laser device is avoided. 

The pit-like recess may not necessarily reach the compound 
semiconductor substrate and may be such that penetrating the current 
blocking layer to reach the upper cladding layer, active layer or lower 
cladding layer. It is also allowable that not only a portion of the 
recess other than that penetrating the current blocking layer, but also 
the entire part of the recess is covered or buried with an insulating 
film or a compound semiconductor layer with a high resistivity. 

The current blocking layer is made of a compound semiconductor 
layer with a high resistivity, or a current blocking layer using a p-n 
junction isolation. 

The present invention is applicable irrespective of compositions 
of the compound semiconductor substrate or compound semiconductor 
layers and, for example, preferably applicable to a semiconductor laser 
device with a laser oscillating structure composed of an AlGalnP-base 
or GalnP-base compound semiconductor layer formed on a GaAs substrate. 
The present invention is applicable to both semiconductor laser devices 
of edge-emitting type and surface-emitting type. 

A structure responsible for the laser emission is not necessarily 
of the stacked structure comprising the lower cladding layer, active 
layer, upper cladding layer and contact layer, but also may be such 
structure that having a buffer layer between the substrate and the under 
cladding layer, or also may be such structure that having another layer 
such as a light confining layer between the contact layer and upper 
cladding layer. 

In a preferred embodiment of the present invention, the insulating 
film may be made of at least any one of Si0 2 film, Al 2 0 3 film and SiN 
film, a thickness of which being within a range from 100 nm to 50 M 
m. The insulating film may be a stacked film thereof. 

The insulating film may be made of a semi-insulating material 
doped or ion- implanted with boron. The compound semiconductor layer 
with a high resistivity may be made of a GaAs layer with a low carrier 
density of, for example, from I X i0 16 /citr to 1 X 10 i = /cm J , both 



inclusive . 

One method for fabricating such semiconductor laser device 
(referred as a first inventive method, hereinafter) relates to a method 
for fabricating a semiconductor laser device having on a compound 
semiconductor substrate at least a lower cladding layer, an active layer, 
an upper cladding layer and a contact layer; an upper part of the upper 
cladding layer and the contact layer being formed as a mesa structured 
portion having a ridge stripe pattern, and the both side of the mesa 
structured portion being buried with a current blocking layer, the method 
comprises steps of: 

forming a stacked structure on a compound semiconductor substrate 
by epitaxially growing thereon a lower cladding layer, an active layer, 
an upper cladding layer and a contact layer in this order, 

forming an insulating film on the entire surface of the substrate 
including the wall plane of a pit-like recess penetrating the current 
blocking layer and extending towards the compound semiconductor 
substrate, 

forming a photoresist film on the entire surface of the substrate; 
patterning the photoresist film to form a resist mask on the 
insulating film as well as to fill the pit-like recess with the 
photoresist film, 

etching the insulating film using the resist mask as an etching 
mask to form an insulating film mask, and then etching the contact layer 
and the upper cladding layer using the insulating film mask as an etching 
mask to form a mesa-structured portion having a ridge stripe pattern, 

selectively growing, using the insulating film mask as a mask, 
a current blocking layer thereby to bury the both sides of the 
mesa-structured portion, and 

removing the insulating film mask to expose the contact layer, 
and then forming an electrode layer on the surface of the substrate 
including on the contact layer. 

Another method for fabricating such semiconductor laser device 
(referred as a second inventive method, hereinafter) relates to a method 
for fabricating a semiconductor laser device of an edge-emitting type 
having on a compound semiconductor substrate a lower cladding layer, 
an active layer, an upper cladding layer and a contact: layer; an upper 



part of the upper cladding layer and the contact layer being formed as 
a mesa structured portion having a ridge stripe pattern, and the both 
side of the mesa structured portion being buried with a current blocking 
layer, the method comprises steps of: 

forming a stacked structure on a compound semiconductor substrate 
by epitaxially growing thereon a lower cladding layer, an active layer, 
an upper cladding layer and a contact layer in this order, 

etching the contact layer and the upper cladding layer to form 
a mesa-structured portion having a ridge stripe pattern, 

selectively growing, using an insulating film mask, a current 
blocking layer thereby to bury the both sides of the mesa-structured 
portion, 

removing the insulating film mask to expose the contact layer, 
and then forming an electrode layer on the surface of the substrate, 

forming an insulating film on the entire surface of the substrate 
including the wall plane of a pit-like recess penetrating the current 
blocking layer and extending towards the compound semiconductor 
substrate, and then removing the insulating film from an area other than 
the wall plane of the pit-like recess, and 

forming an electrode layer on the surface of the substrate 
including on the contact layer. 

Still another method for fabricating such semiconductor laser 
device (referred as a third inventive method, hereinafter) relates to 
a method for fabricating a semiconductor laser device of an edge-emitting 
type having on a compound semiconductor substrate a lower cladding layer, 
an active layer/ an upper cladding layer and a contact layer; an upper 
part of the upper cladding layer and the contact layer being formed as 
a mesa structured portion having a ridge stripe pattern, and the both 
side of the mesa structured portion being buried with a current blocking 
layer, the method comprises steps of: 

forming a stacked structure on a compound semiconductor substrate 
by epitaxially growing thereon a lower cladding layer, an active layer, 
an upper cladding layer and a contact layer in this order, 

etching the contact layer and the upper cladding layer to form 
a mesa-structured portion having a ridge stripe pattern, 

selectively growing, using an insulating film mask, a current 
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blocking layer with a low carrier density thereby to bury the both sides 
of the mesa-structured portion and a pit-like recess extending towards 
the compound semiconductor substrate, and then removing the insulating 
film mask to expose the contact layer, and 

forming an electrode layer on the surface of the substrate 
including the contact layer. 

Still further another method for fabricating such semiconductor 
laser device (referred as a fourth inventive method, hereinafter) 
relates to a method for fabricating a semiconductor laser device of an 
edge-emitting type having on a compound semiconductor substrate a lower 
cladding layer, an active layer, an upper cladding layer and a contact 
layer; an upper part of the upper cladding layer and the contact layer 
being formed as a mesa structured portion having a ridge stripe pattern, 
and the both side of the mesa structured portion being buried with a 
current blocking layer, the method comprises steps of: 

forming a stacked structure on a compound semiconductor substrate 
by epitaxially growing thereon a lower cladding layer, an active layer, 
an upper cladding layer and a contact layer in this order, 

etching the contact layer and the upper cladding layer to form 
a mesa-structured portion having a ridge stripe pattern, 

selectively growing, using an insulating film mask, a current 
blocking layer thereby to bury the both sides of the mesa-structured 
portion, and then removing the insulating film mask to expose the contact 
layer, 

forming .a resist pattern on the contact layer, and performing 
ion implantation to the entire surface of the substrate thereby to 
convert the outermost surface of the wall plane of a pit-like recess 
penetrating the current blocking layer and extending towards the 
compound semiconductor substrate into a layer with a higher resistivity, 
and 

removing the resist pattern thereby to form an electrode layer 
on the surface of the substrate including on the contact layer without 
annealing . 

While there is no specific limitation on a method for forming 
the insulating film in the first to fourth inventive methods, the film 

is preferably formed by the chemical vapor deposition (CVO) process. 



The current blocking layer is formed by the metal-organic chemical vapor 
deposition (MOCVD) process. 

There is no specific limitation on ion species in the fourth 
inventive method, and boron can be ion-implanted for example. 

In the first, second and fourth inventive methods, the wall plane 
of the pit-like recess conceptually include a bottom plane of the recess, 
as well as a side plane thereof. 

According to the present invention, in the process of fabricating 
the semiconductor laser device, at least a portion excluding such that 
penetrating the current blocking layer of the pit-like recess, occurred 
so as to penetrate the current blocking layer and to reach the compound 
semiconductor substrate, is covered or filled with the insulating film 
or the compound semiconductor layer with a higher resistivity, so that 
the compound semiconductor substrate and the electrode layer can be kept 
insulated in an area other than a current injection area, thereby 
non-emissive failure as has been observed in the conventional 
semiconductor laser device is preventted. 

The method according to the present invention embodies a 
preferable method for fabricating the semiconductor laser device of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS . 

Figs, la to lc are sectional views showing layer structures 
corresponded to the individual process steps for fabricating a 
semiconductor laser device according to Example 1; 

Figs. Id to If are sectional views showing, as continued from 
Fig. lc, layer structures corresponded to the individual process steps 
for fabricating a semiconductor laser device according to Example 1; 

Figs . 2a to 2c are sectional views showing layer structures 
corresponded to the individual process steps for fabricating a 
semiconductor laser device according to Example 2; 

Figs. 2d and 2e are sectional views showing, as continued from 
Fig. 2c, layer structures corresponded to the individual process steps 
for fabricating a semiconductor laser device according to Example 2; 

Figs. 3a to 3c are sectional views showing layer structures 
corresponded to the individual process steps for fabricating a 
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semiconductor laser device according to Example 3; 

Figs. 3d to 3f are sectional views showing, as continued from 
Fig. 3c, layer structures corresponded to the. individual process steps 
for fabricating a semiconductor laser device according to Example 3; 

Figs. 4a to 4c are sectional views showing layer structures 
corresponded to the individual process steps for fabricating a 
semiconductor laser device according to Example 4; 

Fig. 4d is a sectional view showing, as continued from Fig. 4c, 
layer structures corresponded to a process step for fabricating a 
semiconductor laser device according to Example 4; 

Fig. 5 is a sectional view of a substrate showing a conventional 
visible light semiconductor laser device; and 

Fig. 6 is a sectional view of a substrate for explaining the 
pit-like recess. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Exemplary embodiments of the present invention will be explained 
specifically and in detail referring to the attached drawings 
hereinafter . 

Example 1 

This Example relates to one embodiment of a semiconductor laser 
device of the present invention, and such laser device that obtained 
by a fabrication method according to the first inventive method. Figs, 
la to lc, and Figs. Id to If are sectional views showing layer structures 
corresponded to the individual process steps for fabricating a 
semiconductor laser device according to this Example. 

In a semiconductor laser device 38 of Example 1, as shown in Fig. 
If, a pit-like recess 30 is formed penetrating an n-GaAs layer 22 (current 
blocking layer) to reach a GaAs substrate 12, and a wall plane 
corresponded to a portion of the recess penetrating an upper cladding 
layer 18, an active layer 16 and a lower layer 14 is covered with an 
insulating film 32. 

According to the semiconductor laser device 38 of Example 1, short 
circuit is avoided since the pit-like recess 30 is covered with the 
insulating film 32, and such insulating film 32 is eventually interposed 



between an electrode layer 37 and the GaAs substrate 12. For this, 
the GaAs substrate 12 and the electrode layer 37 can be kept insulated 
in an area other than a current injection area, thereby non-emissive 
failure as has been observed in the conventional semiconductor laser 
device is prevented. 

Next, a method for fabricating the semiconductor laser device 
38 according to Example 1 will be explained referring to Figs, la to 
If. 

In this Example at first, similarly to the conventional process, 
the lower cladding layer 14 made of n-AlGalnP, the active layer 16, the 
upper cladding layer 18 made of p-AlGalnP and the contact layer 20 made 
of p-GaAs are epitaxially grown on the GaAs substrate 12 in this order 
by, for example, the metal-organic chemical vapor deposition (MOCVD) 
process to form the stacked structure, as shown in Fig. la. 

Cleaning of such stacked structure using acid or alkali may in 
some cases result in formation of the pit-like recess 30 of several to 
tens /xm diameter penetrating the contact layer 20, upper cladding layer 
18 , active layer 16 arid lower cladding layer 14 and reaching the GaAs 
substrate 12, due to the above-described growth defect formed during 
the epitaxial growth, as shown in Fig. la. 

Therefore in the present Example, the insulating film 32 of 50 
Mm thick made of Si02 film, A1 2 0 3 film or SiN film for. forming a mask 
for the selective growth is formed on the entire surface of the substrate 
so as to cover also inner surface of the pit-like recess 30 as shown 
in Fig. lb. 

Next, a photoresist film 34 is formed on the insulating film 32 
and is then processed to form a resist mask 34 for patterning the 
insulating film 32 as shown in Fig. lc. At this time, also the pit-like 
recess 30 is filled with the photoresist film 34 as shown in Fig. lc. 

The insulating film 32 is then patterned using the resist mask 
34 so as to leave the insulating film 32 in the pit-like recess 30 as 
well as to form an insulating film mask 36 used for the etching and 
selective growth as shown in Fig. Id. 

After rhe resist mask 34 is removed, the contact layer 20 and 
upper cladding layer 18 are etched by the wet etching process using a 
mixed solution of sulfuric acid and hydrogen peroxide as an et chant to 
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form the mesa-structured portion having a ridge stripe pattern. 

The n-GaAs layer 22 as a current blocking layer is then selectively 
grown by the selective growth process using the insulating film mask 

36 as shown in Fig. le. 

The insulating film mask 36 formed on the contact layer 20 and 
used for the selective growth is then removed, and the electrode layer 

37 serves as a p-side electrode is formed as shown in Fig. If. Thus 
the semiconductor laser device 38 can be fabricated according to the 
present Example. 

Example 2 

This Example relates to another embodiment of a semiconductor 
laser device of the present invention, and such laser device that 
obtained by a fabrication method according to the second inventive method. 
Figs. 2a to 2c, and Figs. 2d and 2e are sectional views showing layer 
structures corresponded to the individual process steps for fabricating 
a semiconductor laser device according to this Example. 

In a semiconductor laser device 48 of Example 2, as shown in Fig. 
2e, a wall plane of a pit-like recess 40, occurred so as to penetrate 
the n-GaAs layer 22 (current blocking layer) , upper cladding layer 18, 
active layer 16 and lower layer 14, and to reach the GaAs substrate 12, 
is covered with an insulating film 42. 

According to the semiconductor laser device 48 of Example 2, short 
circuit is avoided since the pit-like recess 40 is covered with the 
insulating film 42, and such insulating film 42 is eventually interposed 
between an electrode layer 46 and the GaAs substrate 12. 

For this, the GaAs substrate 12 and the electrode layer 46 can 
be kept insulated in an area other than a current injection area, thereby 
non-emissive failure as has been observed in the conventional 
semiconductor laser device is prevented. 

Next, a method for fabricating the semiconductor laser device 
48 according to Example 2 will be explained referring to Figs. 2a to 
2e. 

In this Example at first, similarly to the conventional process, 
the lower cladding layer 14 made of n-AlGalnP, the active layer 16, the 
-upper cladding layer 16 made of p-AiGaln? and the contact layer 20 made 
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of p-GaAs are epitaxially grown on the GaAs substrate 12 in this order 
by, for example, the metal-organic chemical vapor deposition (MOCVD) 
process to form the stacked structure, as shown in Fig. 2a. 

Next, the contact layer 20 and upper cladding layer 18 are etched 
by the wet etching process using a mixed solution of sulfuric acid and 
hydrogen peroxide as an etchant to form the mesa-structured portion, 
and the n-GaAs layer 22 is then selectively grown on the upper cladding 
layer 18 and on the both sides of the mesa-structured portion. 

In the stacked structure thus processed, the pit-like recess 40 
of several to tens Mm diameter may in some cases occur so as to penetrate 
the n-GaAs layer 22, upper cladding layer 18, active layer 16 and lower 
cladding layer 14 and reaching the GaAs substrate 12, due to the 
above-described growth defect formed during the epitaxial growth, as 
shown in Fig. 2a. 

Therefore in the present Example 2, the insulating film 42 of 
50 Mm thick made of Si0 2 film or AI2O3 film is formed on the entire surface 
of the substrate so as to cover also inner surface of the pit-like recess 
40 as shown in Fig. 2b. 

Next, a photoresist film 44 is formed on the entire surface of 
the substrate so as to also fill the pit-like recess 40, and the 
photoresist film 44 is then removed in an area exclusive of the filled 
portion in the pit-like recess 40. 

The insulating film 42 is then removed using the photoresist mask 
44 in an area exclusive of that corresponded to the pit-like recess 40 
thereby to expose the contact layer 20 and n-GaAs layer 22 as shown in 
Fig. 2d. 

The photoresist film 44 is then removed, and an electrode layer 
46 serves as a p-side electrode is formed on the entire surface of the 
substrate as sho\vn in Fig. 2e. Thus the semiconductor laser device 
48 can be fabricated according to che present Example. 

Example 3 

This Example relates to still another embodiment of a 
semiconductor laser device of the present invention, and such laser 
device that obtained by a fabrication method according to the third 
invenLive method. Flos. 3a to 3c, and Figs, 3d to 3f are sectional 
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views showing layer structures corresponded to the individual process 
steps for fabricating a semiconductor laser device according to this 
Example . 

In a semiconductor laser device 59 of Example 3, as shown in Fig. 
3f, a wall plane of a pit-like recess 50, occurred so as to penetrate 
the upper cladding layer 18, active layer 16 and lower layer 14, and 
to reach the GaAs substrate 12, is filled with the n-GaAs layer 22 with 
a low carrier density of, for example, 1 X 10 18 /cm 3 or less. 

According to the semiconductor laser device 59 of Example 3, short 
circuit is avoided since the pit-like recess 50 is filled with the n-GaAs 
layer 22 with a low carrier density, and such n-GaAs layer 22 is eventually 
interposed between an electrode layer 58 and the GaAs substrate 12. 

For this, the GaAs substrate 12 and the electrode layer 58 can 
be kept insulated in an area other than a current injection area, thereby 
non-emissive failure as has been observed in the conventional 
semiconductor laser device is prevented. 

Next, a method for fabricating the semiconductor laser device 
59 according to Example 3 will be explained referring to Figs. 3a to 
3f. 

In this Example at first, similarly to the conventional process, 
the lower cladding layer 14 made of n-AlGalnP, the active layer 16, the 
upper cladding layer 18 made of p-AlGalnP and the contact layer 20 made 
of p-GaAs are epitaxially grown on the GaAs substrate 12 in this order 
by, for example, the metal-organic chemical vapor deposition (MOCVD) 
process to form the stacked structure, as shown in Fig. 3a. 

Cleaning of such stacked structure using acid or alkali may in 
some cases result in formation of the pit-like recess 50 of several to 
tens, jttmdiameter penetrating the contact layer 20, upper cladding layer 
18, active layer 16 and lower cladding layer 14 and reaching the GaAs 
substrate 12, due to the above-described growth defect formed during 
the epitaxial growth, as shown in Fig. 3a. 

Next, the insulating film 52 of 50 tim thick made of Si0 2 film 
or A1 2 0 3 film for forming a mask for the etching and selective growth 
is formed on the entire surface of the substrate as shown in Fig. 3b. 

The photoresist film 54 is then formed on the insulating film 
52 and is then processed to form a resist mask 54 for patterning the 
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insulating film 52 as shown in Fig. 3c. 

At this time in Example 3, photoresist film 54 is etched based 
on etching conditions not allowing the photoresist film 54 remain in 
the pit-like recess 50, unlike Example 1. 

The insulating film 52 is then etched using the photoresist mask 
54 to form an insulating film mask 56 as shown in Fig. 3d. 

Next, the contact layer 20 and upper cladding layer 18 are etched 
using the insulating film mask 56 to form the mesa-structured portion, 
and the n-GaAs layer 22 with a low carrier density of, for example, 1 
X 10 18 /cm 3 or below is then grown by the selective growth process using 
the mask 56 to fill the both sides of the mesa-structured portion and 
the pit-like recess 50 as shown in Fig. 3e. 

The insulating film mask 56 is then removed to expose the contact 
layer 20, and the electrode layer 58 serves as a p-side electrode is 
then formed on the n-GaAs layer 22 and contact layer 20 by, for example, 
the sputtering process. Thus the semiconductor laser device 59 can 
be fabricated according to the present Example. 

Example 4 

This Example relates to still further another embodiment of a 
semiconductor laser device of the presen-t invention, and such laser 
device that obtained by a fabrication method according to the fourth 
inventive method. Figs. 4a to 4c are sectional views' showing layer 
structures corresponded to the individual process steps for fabricating 
a semiconductor laser device according to this Example. 

In a semiconductor laser device 66 of Example 4, as shown in Fig. 
4d, a outermost surface of a wall plane of a pit-like recess 40, occurred 
so as to penetrate the n-GaAs layer 22 (current blocking layer) , upper 
cladding layer 18, active layer 16 and lower layer 14, and to reach the 
GaAs substrate 12, is converted into a layer 62 with a higher resistivity 
by ion implantation of boron. 

According to the semiconductor laser device 66 of Example 4, short 
circuit is avoided since the layer 62 having a higher resistivity is 
provided between the an electrode layer 64 and the GaAs substrate 12. 
For this, the GaAs substrate 12 and the electrode layer 64 can be kept 
insulated in an area other than a current injection area, thereby 



non-emissive failure as has been observed in the conventional 
semiconductor laser device is prevented. 

Next, a method for fabricating the semiconductor laser device 
66 according to Example 4 will be explained referring to Figs. 4a to 
4d. 

In this Example at first, similarly to Example 2, the lower 
cladding layer 14 made of n-AlGalnP, the active layer 16, the upper 
cladding layer 18 made of p-AlGalnP and the contact layer 20 made of 
p-GaAs are epitaxially grown on the GaAs substrate 12 in this order by, 
for example, the metal-organic chemical vapor deposition (MOCVD) process 
to form the stacked structure, as shown in Fig. 4a. 

Next, the contact layer 20 and upper cladding layer 18 are etched 
by the wet etching process using a mixed solution of sulfuric acid and 
hydrogen peroxide as an etchant to form the mesa-structured portion, 
and the n-GaAs layer 22 is then selectively grown on the upper cladding 
layer 18 and on the both sides of the mesa-structured portion. 

In this stage after such processes are completed, the pit-like 
recess 40 of several to tens Mm diameter may in some cases occur so 
as to penetrate the n-GaAs layer 22, upper cladding layer 18, active 
layer 16 and lower cladding layer 14 and reaching the GaAs substrate 
12, due to the above-described growth defect formed during the epitaxial 
growth, as shown in Fig. 4a. 

Therefore in the Example 4, a photoresist film is formed on the 
entire surface of the substrate, and the film is then patterned to form 
a resist mask 60 covering at least the contact layer 20 while exposing 
an area including the pit-like recess 40 as shown in Fig. 4b. 

Ions, for example boron ions, are then Jjnplanted according to 
the conditions shown below using the resist mask 60 as a mask as shown 
in Fig. 4c thereby to convert the outermost surfaces of the GaAs substrate 
12, lower cladding layer 14, active layer 16, upper cladding layer 18 
and n-GaAs layer 22 into a layer 62 with a higher resistivity: 

Implantation energy: 140 keV 

Dose amount : 7 X I0 14 /cm 2 

The resist mask 60 is then removed to expose the contact layer 
20, and the electrode layer 64 serves as a p-side electrode is then formed 
on the n-GaAs layer 22 and contact layer 20 by, for example, the sputtering 



process without performing annealing for the ion implanted surfaces. 
Thus the semiconductor laser device 66 can be fabricated according to 
the present Example. 
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